ABSTRACT
INTRODUCTION

29
In view of the great complexity and high budgets which usually concern spacecraft projects, it 30 is highly desirable to perform tests on ground-based platforms to reduce the implicated risks. The 31 effectiveness of taking tests on those platforms is closely related to their capacity to simulate the 32 peculiarities of the space environment. For instance, the absence of atmosphere, the presence of on the ATMEGA8 microcontroller is used. This platform, which is compatible with Arduino 
Communication module: a XBee radio is used to make wireless communication with a 123
computer that processes all the dynamic data collected. 6. Batteries: two lithium polymer batteries power the system.
132
A schematic of the electronic system components is shown in Fig. 4 .
133
The Helmholtz cage 134 For control schemes based on magnetorquers, there must be a way to control the magnetic field 135 of the test environment. To provide this capability, a Helmholtz cage was built. 
140
To this end, the design has six square coils, two for each axis of the cage, used to generate an 141 homogeneous field according to the applied electric current. The magnitude of the generated field 142 is given, in each of the axes of the cage, by the following equation
144
where B is the generated field, µ 0 is the permeability of the environment, N is the number of wire 145 turns in the coil, i is the applied current, a is half the side of the coil and γ, the relation between the construction parameter of the cage.
149
For the manufacturing of this equipment, it was decided to use "U" aluminum profiles, since and M5 stainless steel screws in order to build 2.5 meters side squares. The structure is covered 153 with enamelled copper wire, by means of constituting the coil.
154
Once the structure is assembled, the coils are connected to a direct electrical current supply
155
(DC), responsible for feeding the system and generating the magnetic field. of the orbital field needed. Fig. 5 shows the air bearing platform surrounded by the Helmholtz cage.
160
Measurements taken with the maximum supplying current of 6A allowed to conclude that the (initial portion of the graph) and turned on (final portion) in each axis. As can be seen in Fig. 6 
Platform dynamics
185
The platform can be modeled as a rigid body performing rotational movement and having its 186 center of rotation fixed in both reference frames. For this system, the angular momentum taken at 187 the center of rotation is given by Eq. (2) (Greenwood 1988),
189 where H G is the angular momentum taken at the center of mass of the platform, M is the total mass 190 of the system, v G is the velocity vector at the center of mass and r is the CM offset, which is a vector 191 starting from the CR and pointing to the CM.
192
The system dynamics is obtained from the Newton second law, resulting that the torque applied
193
to the system is equal to the time derivative of its angular momentum, that is, 
in which ω is the angular velocity of body frame when rotating around the inertial frame. Eq. (4)
201
can be written as 
205
The acceleration vector can be obtained from Eq. (5) as
207 which can be solved simultaneously with the Euler angular rates to simulate the platform behavior.
208
Dynamic model simplification
209
As could be seen in the subsection "Platform dynamics", the dynamics of the platform can be and r in Eq. (6) have small magnitudes compared to the other terms, it follows that,
215 Additionally, assuming that the aerodynamic torque is negligible and considering null actuation 216 torque, the resultant torque is given solely by the gravitational torque, thus τ CR = τ G . This 217 gravitational torque τ G can be determined by the cross product
is the moment force (weight) and g is the local gravity vector. equal to the local gravity.
224
Using the Euler rotation matrix in the ZYX sequence that relates these two reference frames,
225
R b i , the local gravity can be described in the body frame as
227
in which the φ, θ, ψ notation is used for the roll, pitch and yaw angles.
228
Then, the gravitational torque may be calculated in the body frame as
230
where the r x , r y and r z scalars are the components of the unbalance vector r.
231
Knowing that the inertia products have negligible magnitude compared with the principal 232 moments,
234
Finally, replacing Eq. (10) and Eq. (9) in Eq. (7) the dynamic model of the platform can be represented in a simplified manner as Eq. (11)
237
The batch estimation balancing algorithm
238
After mounting all the components described in the section "SYSTEM CONFIGURATION",
239
it is expected that the are the unbalance vector components. This is done under the assumption that the roll (φ) and pitch
263
(θ) angles are almost constant during a small time step. The result of this is given by Eq. (12)
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that can be rewritten in the following manner
267
where the φ i j terms are given as
269
The LSM method is used because it finds a suitable estimation of the solution using all the data 270 acquired from the sensors over time. It is also useful to prevent the occurrence of gross errors on 
274 that can be solved using the LSM providing the displacement vector shown in Eq. (16)
276
After having a proper estimation of the distance between the CR and the CM, the actuation 277 system is responsible for compensating the unbalanced vector components. Assuming that all
278
MMUs displace the same amount of mass in each of the three non-redundant translational degrees 279 of freedom of the table, the actuation parameters are given by
281
Variation of the inertia tensor
282
As one may notice, the inertia parameters of the platform are used in Eq. 
291
SIMULATION AND TESTS
292
The tests conducted in this work have illustrated the quality of the balancing procedure based 
302
This fact points to a limitation concerning the balancing capability in the vertical axis (Z b ). This enabled the balancing process to position the CM even closer to the CR, as can be seen in 
363
In other words, 40 seconds of data acquisition at 10 Hz is proved to be enough for a reasonably 364 well estimation of the unbalance vector in the proposed tabletop testbed. One must also notice, in Table 2 .
405
In this context, the batch estimation method proved to be adequate in a low-cost system in which 
